Background Selective migration may influence the association between physical environments and health. This analysis assessed whether residential mobility concentrates people with poor health in neighbourhoods of the UK with disadvantaged physical environments.
Introduction
A large research literature has established a close relationship between population health and a range of characteristics of the physical environment, including solar ultraviolet radiation, radon, outdoor ambient air pollutants, industrial facilities and green space. 1 This has demonstrated that the poorest health is found in neighbourhoods in the UK with multiple environmental disadvantage. 2 Work in the field of physical environment and health has however rarely applied longitudinal approaches 3 and the potentially important role of selective migration in shaping these relationships has seldom been assessed. Therefore, it is uncertain whether residential mobility concentrates people with poor health in disadvantaged physical environments.
The lack of studies examining the impact of selective movement of individuals between different physical environments upon spatial inequalities in health is perhaps surprising given evidence suggesting that migration patterns can affect health inequalities between areas with different socio-economic profiles. 4 Some studies have indicated that migration has a large role in creating spatial inequalities in health in the UK. 5, 6 For example, a study using British Household Panel Survey (BHPS) data suggested that most mortality variations between districts could be explained by migration patterns over the life course. 5 Other UK research, completed over shorter time frames and for smaller geographical areas, has found more modest effects. 7 -9 Research also indicates that the effects of selective migration on spatial variations in health can vary significantly between age groups. 10 Places with poor health and disadvantaged physical environments are more likely to be socio-economically deprived. 3 Concerns over 'environmental injustice' have motivated research, mostly completed in the USA, assessing why disadvantaged populations are more likely to be located near physical health hazards, such as hazardous waste storage and disposal facilities. 11 -21 Recent studies have indicated that sorting processes can increase social inequalities in exposure to hazards. 18 -21 There is also evidence that selective migration influences differences in health between populations in urban and rural areas of the UK and other European countries. 22 -25 Previous analysis of selective migration therefore indicates that the movement of individuals between areas may influence environment -health relationships. This line of enquiry has been hampered by the limited availability of longitudinal data with suitable georeferenced information. This study uses recently published BHPS data describing respondents' residential neighbourhoods. The aim is to assess whether residential mobility within the UK concentrates adults with poor health in the most disadvantaged physical environments. The analysis compares general and mental health outcomes and age groups, and assesses whether the health status of movers reflects their socio-demographic characteristics. In this study the terms migration and residential mobility are used interchangeably to describe a change of main residential address.
Methods

Study sample
The BHPS is a longitudinal survey of adults completed annually 1991 -2008 26 . The BHPS began with a nationally representative sample of 5500 private households, selected using a clustered, stratified, random sampling method, containing 10 000 individuals. 
Residential mobility variables
Moves were over a 1-year time period between adjacent survey waves at Time 1 and Time 2. This time period was chosen to minimize bias associated with attrition. Respondents were categorized as 'movers' or 'stayers' using a derived individual mover status variable and, when data were missing, a question regarding time at current address.
Health outcomes
Health status was defined using measures of self-assessed general health and mental health problems at Time 1 (i.e. preceding the move). General health was selected as a broad measure of health and mental health problems were included because evidence indicates that mental health is strongly linked to mobility. 31, 32 At Waves 6 -8 and 10-17 respondents were asked 'Compared to people of your own age, would you say your health over the last 12 months on the whole has been: excellent, good, fair, poor, very poor?' However, at Wave 9, the survey question was 'In general, would you say your health is: excellent, very good, good, fair, poor?' The data from these questions were merged into dichotomous categories 'good' (combining 'excellent', 'very good' and 'good') and 'poor' (combining 'fair', 'poor' and 'very poor'). Respondents were also asked if they had mental health problems, described as 'anxiety, depression or bad nerves, psychiatric problems' and could reply 'yes' or 'no'.
Neighbourhood physical environment disadvantage
The Census Area Statistics ward of residence was obtained for each BHPS respondent (mean residential population in 2001 ¼ 6000). These areas were sufficiently large to encompass a significant proportion of daily environmental exposure and small enough to capture much small-scale environmental variation.
The physical environmental disadvantage of these areas was defined by the Multiple Environmental Deprivation Index (MEDIx). This classification is based upon five dimensions of the physical environment, 1991-2006, three detrimental to health, cold climate, air pollution (SO 2 , NO 2 , CO and PM 10 ) and proximity to a waste site, metal processing or production site, and two beneficial, ultraviolet B radiation and green space. 33 Wards in the highest quintile of each dimension were scored þ1 if the dimension was pathogenic and 21 if salutogenic. Scores were then summed for each ward generating a six-point scale from 22 to þ3 (the most deprived). In this analysis the upper and lower two categories have been combined due to small case numbers in the extreme categories.
Individual socio-demographic adjustment variables
The socio-demographic variables selected were age group years), sex, marital status, highest academic qualification, household type (single/couple no children/couple with dependent children/couple with non-dependent children/lone parent with dependent children/lone parent with non-dependent children/ 2þ unrelated adults/other), Registrar General social class (professional/managerial or technical/skilled non-manual/skilled manual/partly skilled/unskilled/never worked/missing or other) and housing tenure (further categories described in Table 1 ). These variables were chosen because they were related to propensity to move and/or health status. All variables describe survey members at Time 1.
Statistical analyses
The net impact of migration upon the spatial distribution of the health outcomes was first assessed by comparing the percentages of people with poor health resident in each of the MEDIx categories at Time 1 ( preceding moves) and Time 2 (following moves). These relationships were then examined using binary logistic regression models in which the health outcome was the dependent variable and the MEDIx category of residence the independent variable. The models were first calculated separately for neighbourhood of residence at Time 1 and 2. Differences between Time 1 and 2 in the geography of the health outcomes were then tested by a final model assessing time period-MEDIx interactions.
Ratios were presented unadjusted and adjusted for sociodemographic variables. Adjusted models were intended to test whether the impacts of moves upon health geography reflected socio-demographic selection. All analyses were stratified by age groups 18 -29, 30-44, 45 -59, 60þ years. These age groups were selected to represent life course stages with distinct mobility and health profiles. In all models MEDIx category 1 (the median and mode category at Time 1 and 2) was the reference category.
The analyses contain both movers and stayers. All counts are un-weighted. Percentages and odds ratios were weighted using BHPS UK cross-sectional enumerated individuals' weights for Time 1, which adjusted for sample design and non-response. 26 The analyses were completed in Stata 12.1.
Results
Rates of mobility
Over the 1-year time period of the study 8.5% (N ¼ 10 947) of total cases moved residence ( increased in the least deprived category, but the pattern of change was not consistent across the 'gradient' of MEDIx categories.
Effects of migration on health: adjusted odds
Following adjustment for socio-demographic variables the odds of poor general health and mental health problems in the MEDIx categories relative to category 1 were increased in the least deprived categories 22/21 and 0 and reduced, or the same, in the most deprived category 2/3, at Time 1 and 2 in all age groups (Table 2 ). These socio-demographic variables therefore attenuated the relationship between the neighbourhood physical environment deprivation and poor health. Odds of poor general health after adjustment were, however, still elevated .1 in the most deprived category and were ,1 in the least deprived categories 22/21 and 0 in most age groups at Time 1 and 2. Most odds ratios however were not statistically significant (0.05 level) for either health outcome, at Time 1 or 2, in the unadjusted or adjusted data. The odds ratios for poor health in the MEDIx categories changed following mobility between Time 1 and 2 but these RESIDENTIAL MOBILITY, PHYSICAL ENVIRONMENT AND GENERAL AND MENTAL HEALTH differences were modest in all age groups in both unadjusted and adjusted models. Controlling for socio-demographic factors did not substantially affect the degree of difference in odds of poor health in the MEDIx categories between the two time periods. Therefore, changes in health risk in the MEDIx categories that resulted from mobility cannot be explained by these socio-demographic characteristics of movers and could result from health selection. The greatest changes in odds of poor health following mobility were found at the youngest ages. At ages 18-29 years mobility decreased the odds of poor health in the most deprived category 2/3 and increased the odds in the least deprived category 22/21, for both health outcomes, in unadjusted and adjusted models. In this age group in the adjusted models, odds of poor general health in the most deprived category 2/3 were 1. Models that tested the interactions between time period and MEDIx category demonstrated, however, that most of the differences in risk of poor health in the MEDIx categories between Time 1 and 2 were not significant (,0.05; reference groups Time 1 and MEDIx category 1; results not presented). Significant interactions were found in unadjusted and adjusted models for MEDIx category 0 indicating lower odds of poor general health at 18-29 years and higher odds of mental health problems at 45-59 years following mobility. In MEDIx category 2/3 there were also significantly lower adjusted odds of poor general health at ages 45-59 years following mobility. This was the only significant interaction found for the most deprived category.
Discussion Main findings of this study
This study finds that selective migration in the short term did not contribute significantly to the well-established association between neighbourhood physical environment disadvantage and poor health among adults in the UK. Residential mobility over a 1-year time period had only a small, mostly statistically insignificant, impact on the relationship between neighbourhood multiple physical environment deprivation and poor general and mental health among adults. Short-term mobility did not concentrate people with poor health in neighbourhoods with the most disadvantaged physical environments. These findings indicate that short-term migration trends may not necessarily be a significant cause of health inequalities between areas with different physical environments, nor confound environment -health associations.
What is already known on this topic and what this study adds
The finding that migration had only small effects upon the relationship between physical environment deprivation and health is consistent with UK studies that have indicated that migration over a short time period has only modest impacts on neighbourhood health geography. 7 -9 The impacts in this study were constrained by the low rates of mobility, in particular, between MEDIx categories. Previous studies in Europe and the USA have indicated that most moves are over short distances 34 between similar socio-economic environments 35 and that neighbourhood in-and out-movers are usually similar in numbers 36 and personal characteristics 7 and often select neighbourhoods with populations similar to themselves. 37 Residential mobility in the short term can therefore operate primarily to reproduce rather than to alter spatial inequalities.
These results however differ from studies completed in the USA which suggest socially selective migration increases inequalities in exposure to physical hazards. 18 -21 These studies have focussed predominantly on single hazards, such as waste or emissions, that are likely to prompt 'environmentally motivated' migration among advantaged groups living in close proximity to the hazard. In contrast, MEDIx represents multiple hazardous and beneficial aspects of the physical environment which may have different relationships with migration. These contrasting findings emphasize that the results from this study may not be generalizable to other measures of physical environment deprivation, scales or national contexts.
These results for physical environment deprivation also contrast with previous UK analysis of socio-economic deprivation that has suggested that residential mobility increases health inequalities between more and less disadvantaged areas, except at the oldest ages. 10 This could be in part because some events associated with poor health, such as job loss, may increase the probability of moves to disadvantaged socio-economic environments 30, 38 but not poorer physical environments. The youngest age group (18-29 years) had the highest rates of moves between MEDIx categories and the greatest absolute changes in rates of poor health in these categories resulting from mobility. The impacts of mobility among young adults, while mostly not statistically significant, reduced rates of poor general and mental health in the most deprived physical environments and increased rates in the least deprived places. This suggests selective migration among young adults rather than acerbating the association between physical environment and health could explain, in part, the relative weakness of the physical environment-health gradient found for this age group in this analysis.
These results for young adults are consistent with findings of lower mortality in the UK among working-age people moving into urban areas than among long-term urban residents. 25 Our findings might be explained in part by young, healthy, high socio-economic status adults choosing to move to inner urban areas 39 because the benefits of their education, employment and cultural opportunities outweigh the disadvantages of their physical environments. 40 As MEDIx includes a measure of cold temperature as a pathogen and ultraviolet B radiation as a salutogen many of the most deprived wards are located in Scotland and northern England. 2 Among the small proportion of movers that migrate between regions, 34 those moving from the north to more southern areas with lower MEDIx deprivation may have relatively poor health. 41 -45 Limitations of this study
The small numbers of movers limited the statistical power. The BHPS, in common with other longitudinal surveys, was affected by attrition, 26 this may have resulted in the disproportionate loss of healthy younger movers and unhealthy older movers from this study. Health status was assessed at one time period only, prior to moves. The sociodemographic adjustment variables may not have fully represented socio-economic status, especially among young adults.
Conclusions
This study provides some of the first evidence regarding the impact of selective migration upon the relationship between general and mental health and multiple physical environment deprivation in neighbourhoods in the UK. This analysis suggests that selective migration, in the short term, does not contribute significantly to inequalities in health between neighbourhoods with the most and least multiple physical environment disadvantage. Further research should explore these relationships over longer time periods and compare different aspects of the physical environment.
